Hermit crabs, Pagurus bernhardus, sometimes exchange shells after a period of shell rapping, when the initiating or attacking crab brings its shell rapidly and repeatedly into contact with the shell of the noninitiator or defender in a series of bouts. Bouts are separated by pauses, and raps within bouts are separated by very short periods called 'gaps'. Since within-contest variation is missed when signals are studied by averaging performance rates over entire contests, we analysed the fine within-bout structure of this repeated, aggressive signal. We found that the pattern is consistent with high levels of fatigue in initiators. The duration of the gaps between individual raps increased both within bouts and from bout to bout, and we conclude that this activity is costly to perform. Furthermore, long pauses between bouts is correlated with increased vigour of rapping in the subsequent bout, which suggests that the pause allows for recovery from fatigue induced by rapping. These between-bout pauses may be assessed by noninitiators and provide a signal of stamina.
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Fighting between animals often involves the use of repeated signals that may be organized in a bout structure. This is seen in 'roaring' contests between male red deer, Cervus elaphus (Clutton-Brock & Albon 1979; Clutton Brock et al. 1979) , signalling with the antennules in crayfish, Orconectes rusticus (Rutherford et al. 1996) , and agonistic activity in cichlid fish, Nannacara anomala (Turner & Huntingford 1986; Enquist et al. 1990 ). Observations such as these have given rise to a number of models concerning the function of these repeated signals. The sequential assessment model (Enquist & Leimar 1983 , 1987 Enquist et al. 1990) suggests that, since the assessment of a signal by a receiver is subject to error the assessment will be more accurate when the signal is repeated. The energetic and cumulative assessment models (Payne & Pagel 1996 , 1997 Payne 1998) suggest that signals are repeated because the total number of performances advertises stamina.
Hermit crabs interact in pairs in agonistic encounters, at the end of which there may be an exchange of shells. During the encounter, the initiating crab 'raps' its shell, in a series of 'bouts', against that of the noninitiator. These bouts of 'shell rapping' are interspersed with pauses, during which the initiator pulls at the chelipeds of the noninitiator. This appears to be an assessment activity that is much less intensive than rapping and pauses might also provide recovery periods between bouts. After a series of bouts of rapping, the noninitiator may release its abdominal grip of its shell and allow the initiator to evict it by pulling it out of its shell. The initiator then assesses the quality (size and species) of both the empty shell originally occupied by the noninitiator and its own shell, and decides which shell to occupy permanently. Alternatively, the initiator may 'give up' without first effecting an eviction. In cases where the noninitiator is evicted it is free to occupy the shell eventually discarded by the initiator and when the two crabs 'exchange' shells, both crabs may obtain a shell that is more suitable. This possibility for mutual gain has led to shell fights being described as a process of 'negotiation' (Hazlett 1978 (Hazlett , 1983 (Hazlett , 1987 (Hazlett , 1996 rather than as one of aggression. Briffa et al. (1998) , however, have shown that the temporal pattern of the between-bout structure is congruent with the pattern that would be expected for an aggressive repeated signal of relative resource-holding potential as described by Payne & Pagel (1997) . The vigour of rapping, indicated by the number of raps/bout and by the duration of pauses between bouts, predicts victory and both escalates and de-escalates as the fight progresses. We examined the within-bout pattern of the very short periods that separate individual raps, which we refer to as 'gaps'. To our knowledge this is the first analysis of the within-bout temporal pattern of a repeated aggressive signal. By examining the withincontest variation in the timing of this signal we hoped to
